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Highly ordered mesoporous carbon (MC) has been synthesized from sucrose, a non-toxic and cost-

effective source of carbon. X-ray diffraction, N2 adsorption–desorption isotherm and transmission 

electron micrograph (TEM) were used to characterize the MC. The XRD patterns show the formation 

of highly ordered mesoporous structures of SBA15 and mesoporous carbon. The N2 adsorption-

desorption isotherms suggest that the MC exhibits a narrow pore-size distribution with high surface 

area of 1559 m
2
/g. The potential application of MC as a novel electrode material was investigated 

using cyclic voltammetry for riboflavin (vitamin B2) and dopamine. MC-modified glassy carbon 

electrode (MC/GC) shows increase in peak current compared to GC electrode in potassium 

ferricyanide which clearly suggest that MC/GC possesses larger electrode area (1.8 fold)  compared 

with bare GC electrode. The electrocatalytic behavior of MC/GC was investigated towards the 

oxidation of riboflavin (vitamin B2) and dopamine using cyclic voltammetry which show larger 

oxidation current compared to unmodified electrode and thus MC/GC may have the potential to be 

used as a chemically modified electrode. 
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1. INTRODUCTION 

In recent years, ordered mesoporous carbon with favourable characteristics including high 

specific surface area, large pore volume, uniform pores and its connectivity pores to pores and high 

mechanical and thermal stability have shown the potential applications in catalysis, energy storage, 

electrode materials, biomolecules adsorption and separation, sensor and biomedical devices [1-5,6-14]. 

Importantly, these mesoporous carbon can increase the electron transfer rate which has indicated the 

applications based on the fabrication of chemically modified electrodes for various biomolecules 

including dopamine, riboflavin, L-cysteine, and so on [6,15-18].
  

Dopamine is an important brain neurotransmitter molecule of catecholamine. It plays a crucial 

role in the function of central nervous, hormonal, renal and cardiovascular system [19,20]. Changes in 

the concentration of dopamine have impact on several diseases. Its deficiency leads to brain disorders 

named Parkinson’s disease and the excess activity of dopamine can be related to Schizophrenia.
21

 

Electrochemical behavior of dopamine plays important roles in its physiological functions, and is a key 

factor in diagnosis of some diseases in clinical medicine [22]. 

On the other hand, riboflavin known as vitamin B2 a water-soluble compound, is also very 

essential for cell growth and it also plays potential cofactor in enzymes for general human health [23-

30]. It is also a well-known biochemical product that could be found in food and pharmaceutical 

products and ranged from single vitamin to multivitamin formulations for the treatment of vitamin B2 

deficiency in living body. The core structure of riboflavin an isoalloxazine ring, participates in 

enzyme-catalyzed electron transfer processes of many important metabolites in biological systems [1-

6,23-30].
 
Therefore, it is very important to investigate electrochemical behavior of riboflavin to 

develop methods for finding its physiological functions in clinical medicine and biological systems 

[26-30].  

The electrochemical technique becomes important in the analysis of electroactive biochemical 

compounds. So far, very limited reports on the electrochemical studies for riboflavin and dopamine 

have been reported based on solid-electrode systems using highly ordered mesoporous carbon as an 

electrode materials, although the large surface area and the presence of edge plane-like sites on highly 

ordered mesoporous carbon structures could contribute for enhancing the oxidation and detection 

riboflavin and dopamine [2,3,6,28,30-32].  

In this paper, highly ordered mesoporous carbon material (MC) was synthesized via 

impregnation of SBA15 nano-hard template with sucrose source and characterized with XRD, TEM, 

and BET. Then, the performance of MC as an electrode material was investigated using cyclic 

voltammetry. The MC was employed to modify glassy carbon electrode for electrochemical studies of 

riboflavin and dopamine in phosphate buffer, pH 7.0.  

 

2. EXPERIMENTAL  

2.1 Materials 

Tetraethylorthosilicate (TEOS), Poly(ethylene oxide)-poly(propylene oxide)-poly(ethylene 

oxide) triblock copolymer Pluronic surfactant P123 (EO20PPO70EO20), and sucrose from Sigma-
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Aldrich were used as reagent for this work. In addition, diluted HF, HCl and other solvents were also 

used as received. Riboflavin (RB) and dopamine (DA) were received from ICN Biomedical Inc. and 

Sigma, respectively. The phosphate buffer solutions (0.1 M PBS, pH 7.0 was prepared by mixing 

standard solutions of NaH2PO4 (Sigma) and Na2HPO4 (Sigma). DA and RB were used as freshly 

prepared.  

 

2.2 Synthesis of mesoporous SBA15 Silica nano-hard template  

At first, high ordered SBA-15 silica nano-hard template was synthesized using the triblock 

copolymer, Pluronic P123 as structure directing agent and tetraethyl orthosilicate (TEOS) as the silica 

source. For preparing SBA15, 2 g of surfactant P123 was added to 60 mL of 2M HCl at 38 
o
C and 

vigorous stirring was continued at least for 2h. Then 4.2 g of TEOS was added drop by drop to the 

surfactant containing acidic solution under vigorous stirring [14,34]. The solution mixture was then 

vigorously stirred for 8 min and left for 24 h at 38 
O
C. Afterwards it was transferred into autoclave at 

100 
o
C for another 24 h. The as-synthesized SBA-15 silica was collected by filtration, dried at room 

temperature and then calcined at 550 
o
C for 6 h in air with heating rate 5

o
C/min.   

 

2.2.1 Nano-confined synthesis of highly ordered mesoporous carbon (MC)  

The synthesis of ordered mesoporous carbon (MC) was carried out by using above synthesized 

SBA15 silica nano-hard template, following the procedure reported elsewhere [14]. The calcined SBA-

15 was impregnated/nano-confined with aqueous solution of sucrose containing sulphuric acid. 

Briefly, 1.0 g of calcined SBA15 silica template was added slowly to a solution obtained by dissolving 

1.25 g of sucrose as a carbon source and 0.14 g of H2SO4 in 5 g of water. This mixture was stirred for 

few hours until homogenous solution formed. The mixture was placed in a drying oven for 6 h at 100 
o
C for 6 h and subsequently the oven temperature was increased to at 160 

o
C and held again for another 

6 h. The sample turned dark brown / black during the heat treatment process in the oven. The silica 

sample, containing partially polymerized and carbonized sucrose at the present step, was treated again 

at 100 
o
C and 160 

o
C using the same drying oven after the incorporation of 0.8 g of sucrose, 0.09 g of 

H2SO4 and 5 g of water [14]. The carbonization was carried out with heating to typically 850 
o
C under 

an argon atmosphere. For removing the silica template, the carbonized sample was washed with 5-7% 

HF solution at room temperature for overnight. The silica template-free highly ordered mesoporous 

carbon thus obtained was filtered, washed with ethanol, and dried at 100 
o
C K.  

 

2.2.2. Electrode preparation and electrochemical measurements 

Prior to the electrode preparation, the MC was pre-dried at 60
o
C for 1 h in a conventional oven. 

5 mg of MC was dispersed in 20 ml of ethanol and then sonicated for 30 min to obtain a black 

suspension. The bare glassy carbon (GC) electrode was polished with 0.50 and 0.05 μm alumina slurry 

and then rinsed with water. The electrode was then sonicated in water for 5 min and dried under high 
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purity nitrogen stream. The MC was dispersed in ethanol and ultrasonicated for 20 min to ensure good 

dispersion and homogeneity in ethanol. Then, 4 µL of MC suspension was drop-casted on the cleaned 

GC and dried under nitrogen atmosphere to obtain a MC/GC electrode.  

Electrochemical experiments were performed on a Bioanalytical Systems BAS 100B/W 

electrochemical workstation with three-electrode system comprising of a modified GC as working 

electrode, Ag/AgCl as reference electrode and platinum as counter. A 0.1M phosphate buffer solution 

(PBS, pH 7.0) was used as the supporting electrolyte for the potential cycling of porassium 

ferricyanide, K3Fe(CN)6, dopamine, and riboflavin. All experimental solutions were deoxygenated by 

purging pure N2 into the solution for about 15 min, and N2 gas was kept flowing as a blanket over the 

solution during the electrochemical measurements. All electrochemical experiments were carried out at 

room temperature. 

 

2.2.3. Characterization  

XRD patterns were recorded with a Bruker radiation D8 Advanced Diffractometer with Cu Kα 

radiation for angles 1 to 10 2θ (degree), whereas a Rigaku Miniflex diffractometer (Japan) with Cu Kα 

radiation was used for the 2θ range from 10 to 80° under identical conditions at a scanning rate of 2 

degree. An automated adsorption analyzer (Quadrasorb SI, Quantachrome, USA) was employed to 

measure the Brunauer–Emmett–Teller (BET) surface areas and textural properties. Before this 

measurements, all samples were outgassed for 12 h at 180 
O
C in the degas port of the adsorption 

analyser [35,36]. The pore-size distribution (PSD) was obtained using the Barrett-Joyner-Halenda 

(BJH) model from the desorption branch [35,36]. For pore morphology observation, MC sample is 

ultrasonically dispersed in ethanol. TEM (TEM, FEI Tecnai 20, 200kV) imaging was carried out on a 

F20 microscope with an accelerating voltage 200 kV.  

 

 

 

3. RESULTS AND DISCUSSION 

Fig. 1 shows comparison of XRD patterns of calcined mesoporous SBA15 silica template and 

its mesoporous carbon replica. The XRD pattern of the meosporous carbon replica shows three well-

resolved reflections that could be assigned to (100), (110), and (200) reflections of the 2-D hexagonal 

materials, indicating a retention of the ordered structure of its host SBA15 host [6,14,37-42]. The cell 

parameter of the MC replica is smaller than that of the host SBA-15 silica template, due to the 

shrinkage of the carbon/silica composite material during pyrolysis and dissolution of host silica [41]. 

The higher angle XRD pattern of the MC (inset in Figure 1) shows two distinguished broad peaks, 

supporting the formation of graphitic carbon nature in the final structure [27,34]. The nitrogen 

adsorption-desorption isotherms of mesoporous SBA15 silica template and its mesoporous carbon 

replica are shown in Fig. 2 [14,40]. The N2 adsorption-desorption isotherms of mesoporous SBA15 

silica template in Fig. 2 are of type IV, [6,37-42]
 
with the capillary condensation step at relative 

pressure of 0.61 to 0.8, corresponding to the existence of ordered mesopores with a narrow pore size 

distribution. On the other hand, MC replica shows the isotherm that shows a step at relative pressure 
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between 0.35 and 0.50, suggesting a narrow pore-size distribution. PSD data seen in Fig. 3 confirms 

this distinct behavior of mesoporous carbon structure. 
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Figure 1. (a) XRD patterns of calcined SBA-15 and (b) the mesoporous carbon (MC) replica. The 

inset shows the higher angle XRD pattern of the MC replica.  
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Figure 2. N
2
 adsorption-desorption isotherms of SBA15 and mesoporous carbon. Sample names are 

already shown in Figure 2.   
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Figure 3. Pore size distribution of SBA15 and mesoporous carbon. Sample names are already included 

in Figure. 

 

As shown in Fig. 3, the pore size of MC is about 3.95 nm, whereas pore size of SBA15 is about 

9.15 nm. The specific BET surface area and a total pore volume of the SBA15 are 719 m
2
/g and 1.12 

cm
3
/g, respectively, whereas MC shows a very high BET surface area of 1559 m

2
/g and a large total 

pore volume of 1.6 cm
3
/g. The total large pore volume of MC is usually related to the volume of the 

ordered pores with minor contribution from micropores and possibly also from secondary mesopores 

[14]. The hysteresis does not close at high relative pressure because of formation of interparticle 

textural pores in the MC structure. Pore structure of MC is investigated by TEM image in Fig. 4. TEM 

image in Fig. 4 clearly shows TEM image for MC viewed along and perpendicular to the direction of 

the hexagonal pores. It is found that pores are interconnected, which are constituted by the carbon that 

filled the channel-interconnecting micropores within the SBA-15 wall [37-42].
 

The potential application of MC/GC in electrochemistry as a novel electrode material was 

investigated using potassium ferricyanide (K3[Fe(CN)6]). As shown in Fig. 5, the redox peak currents 

of potassium ferricyanide (1 mM prepared in 0.1M PBS, pH 7.0) at the MC/GC electrode (solid line) 

was much higher compared to GC electrode (dotted line). This phenomenon suggests that MC-

modified GC electrode possesses larger electrode area as compared with bare GC electrode. The 

electroactive surface area of MC/GC and GC electrodes can be obtained from the Randles–Sevcik 

equation [43].  

iP = (2.69 × 10
5
) AD

1/2
n

3/2
v

1/2
c*           (1) 
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Figure 4. TEM image of the highly ordered mesoporous carbon  (MC). 

 

where ip is the peak current (A), n is the number of electrons participating in the redox reaction, 

A is the electroactive surface area (cm
2
) of the electrode, D is the diffusion coefficient of [Fe(CN)6]

3- 

(taken to be 7.60 × 10
-6

 cm
2
s

-1
 in aqueous medium), the molecule in solution (cm

2
 s

−1
), c* corresponds 

to the bulk concentration of the redox probe (mol cm
−3

), and ν is the scan rate (V/s). According to the 

equation, the electroactive surface area for MC/GC electrode is 0.053 cm
2
, which is significantly 

higher (around 1.8 times higher) than that of a GC electrode (0.029 cm
2
), suggesting that the MC/GC 

electrode possesses larger effective surface area. The peak potential separation (ΔEp) between the 

anodic and cathodic peaks is 54 mV for the MC/GC electrode and 72 mV for GC electrode. The 

decrease in ΔEp, indicated that the MC/GC electrode not only possesses high surface are but also 

accelerates the electron transfer rate of ferricyanide. These results show that the MC/GC electrode has 

relatively better electrochemical activity.  So, MC can be used as a new potential material for this 

analytical application. 
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Figure 5.  MC/GC (solid line) and GC (dotted line) in 1 mM K
3
Fe(CN)

6
 (prepared in 0.1M PBS, pH 

7.0) at 10 mV/s 

 

The response of MC/GC electrode (solid line) and bare GC electrode (dotted line) towards 

riboflavin and dopamine were investigated and compared in phosphate buffer solution, pH 7.0 as 

depicted in Fig. 6. Fig. 6A shows the CVs obtained for riboflavin in which, the potential range was 

controlled between -0.75 and +0.5 V vs. Ag/AgCl. A pair of redox peak which corresponds to a 

reversible reduction and oxidation process was observed for both bare GC and MC/GC electrodes. The 

separation between peak potential (△EP) for bare GC and MC/GC electrodes were found to be around -

430 mV and -400 mV vs. Ag/AgCl, respectively. However, the peak currents are significantly higher 

for the MC/GC electrode compared to bare GC electrode, under the same measurement conditions (Fig 

6A, solid line), which indicates that the reversibility of riboflavin was greatly enhanced by the use of 

mesoporous carbon as electrode material coated on GC. This observation is consistent with previous 

reports [6,43]. Fig. 6B presents the CVs obtained for MC/GC and bare GC electrodes in dopamine 

solution. For bare GC electrode, oxidation peak was observed at around 570 mV vs. Ag/AgCl. One can 

notice that the CV peak for the oxidation of dopamine at a MC/GC has been shifted to negative 

potential compared to GC electrode. For the same measurement condition, the oxidation peak for 

MC/GC electrode was appeared at around 230 mV vs. Ag/AgCl.  Furthermore, the anodic peak current 

on the MC/GC was significantly higher than that of bare GC in same dopamine solution (Fig. 6B solid 

line) which reveals that mesoporous carbon material has a better electrocatalytic effect on dopamine. 

Similar observation was reported in the literatures [6,42-44]. The superiority in analytical performance 
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of the mesoporous carbon materials coated GC electrode over the bare GC electrode might be ascribed 

to the fact that mesoporous carbon materials can provide higher electrical conductivity, enlarged/high 

active surface areas, uniform and larger pore volume, surface roughness, and more coordinate sites to 

the interface so it can enhance current that appears for a typical electrocatalytic response for riboflavin 

and dopamine.  

 
 

Figure 6. A. MC/GC (solid line) and GC(dotted line) in 1 mM riboflavin prepared in 0.1 M PBS, pH 

7.0 at 20 mV/s; B. MC/GC (solid line) and GC(dotted line) in 1 mM dopamine prepared in 0.1 

M PBS, pH 7.0 at 20 mV/s.  

 

 

4. CONCLUSIONS 

In summary, we have clearly demonstrated here that a highly ordered mesoporous carbon 

materials (MC) synthesized from sucrose carbon source can have great potential to be used as 

electrode material.  It is evident from this study that MC-modified electrode showed faster electron 
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transfer and higher current response compared to bare glassy carbon electrode. Moreover, the MC-

modified electrode showed high electrocatalytic activity towards the oxidation of riboflavin and 

dopamine. Therefore, MC, with its high surface area and, large pore volume might be used as a 

chemically modified electrode to explore electroanalytical applications. 
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